Abstract. Load experiment (0%, 50%, 100% load) was carried out on a heavy duty diesel engine vehicle which meet EU/VI exhaust emission standard and the vehicle was drove on the heavy chassis dynamometer based on C-WTVC cycle. During the test period, the NO, NO 2 , N 2 O on the exhaust were analyzed by sophisticated measuring equipment. The results show that the NOx emission value on all 3 loads satisfy the EU/VI standard. As load rise up, the concentration of NO, NO 2 before/after Selective Catalytic Reduction system increase too. The NOx conversion efficiency under the 3 loads are 89%, 92%, 92% respectively. While the NO 2 concentration under the whole test cycle is low, the maximum can up to 19.5ppm under full load condition. The N 2 O concentration was effected by exhaust temperature and the load indirectly impacts the NO 2 concentration through the temperature. The concentration of N 2 O is positively related to load and driving condition, the N 2 O concentration increases when the load and speed rise up. During the 100% full load, the NO, NO 2 and N 2 O account of the total NO x is about 84.6%, 1.8% and 13.6% respectively.
Introduction
With China's increasing number of vehicles, vehicle emissions of pollutants has become a major source of atmospheric pollutants [1] . According to Xu and Yang, vehicle emissions of pollutants accounted for 60% in air pollutants of Beijing, Shanghai and other areas [2] . The main components of NOx are NO, NO 2 and N 2 O. NO is colorless, odorless and slightly irritating gases, which is about 90% of the total volume. NO 2 is toxic, when NO 2 's concentrations is approximately 10-40ppm, which can cause breathing difficulties and other symptoms [3] . Previous studies focused on different parameters and external load affect total NOx emissions, and few literature pay attention on the major components of the NOx emissions [4] [5] [6] . Especially with the continued tightening of emission regulations, there is likely to be limited NO 2 emission values. This paper research on a Euro VI emission vehicle, to analyze the impact of different loads on NOx components, as well as trends NO, NO 2 and N 2 O.
Experiment Method Vehicle Parameters
The test vehicle is equipped to meet Euro VI emission regulations, which is a diesel truck, the basic parameters of the vehicle is shown in Table 1 . Figure 1 . 
Test Method
After fully warm-up, the vehicle was tested in three different loads (0%, 50% and 100%) under C-WTVC cycle. Turn off the vehicle between two cycles for 20 minutes, then start again for nest cycle. C-WTVC cycle includes urban conditions (1-900s), road conditions (900-1368s), high-speed operating mode (1368-1800s). Instantaneous emission data that parameters such as engine speed and torque recorded during the test. 
Effects of Load on NOx Component

Running Resistance Setting
In order to reflect the actual road operation of vehicle, according to GB/T 27840-2011, the vehicle is tested for coasting test to calculate the running resistance at different loads. Figure 3 shows three running resistance curve at different loads, which indicates the running resistance is increased as the load raised. So this experiment simulates the actual resistance by loading on the chassis dynamometer. Figure 4 shows three kinds of load operating conditions of the engine map. From the engine operate conditions under different loads, the main working of the engine speed is between 800 ~ 1800r / min. However, as the load increases, the engine operating conditions transfer to low speed and high torque areas. The average speed under no load is 1081r / min, and torque is 311Nm. The average speed of 100% load is 1035r / min, and torque is 409Nm. According to the analysis, as the load increased, the cycle work were 20.5kWh, 21.4kWh and 26.2kWh. The cycle work of 100% load is larger than 0% load about 27.8%. In order to compare NOx emissions results of the three kinds of load, Figure 6 shows NOx concentration of the SCR inlet and outlet, SCR conversion efficiency and EGR flow. It can be seen that as the load increases, the concentration of the NOx inlet / outlet of SCR are increased. NOx conversion efficiency is 89% when the load is 0%. The conversion efficiency of 50% load and 100% load is almost the same, which is 92%. This is mainly related to the exhaust gas temperature; from EGR flow analysis, with the load increased, NOx emissions increases, and the exhaust gas flow rate increased. Figure 7 shows NO concentration curve with the load and speed. As increasing load, NO concentration is increasing, 0% load has the minimum NO emissions. When the load is 100%, the exhaust temperature is high, which lead to a higher conversion efficiency and higher EGR rate, however, NOx emissions is still the worst under full load conditions.
Overall NOx Emission Analysis
NO Emissions under Different Loads Analysis
According to analyze the results, NO emissions are mainly concentrated within the beginning 600s, which proportion account for the entire cycle ratio reached 97%. In the beginning 600s, NO concentration increased as the vehicle speed increased. During the rapid acceleration condition, the engine speed increases, with larger fuel quality is injected into pre-combustion, which result in excessive premixed combustion, and pressure in cylinder is increased, and higher combustion temperature. Which lead to a sharp increase in NO emissions; after 600s, the exhaust gas temperature is maintained above 200 ℃, with a higher conversion efficiency of SCR, which lead to NO generated tends to zero. During 420s-550s, NO emissions is highest under 0% load, 50% load and 100% load are minimum, this is because SCR has reached the temperature of urea spraying. Figure 8 shows the exhaust gas temperature of the entrance of SCR (selective catalytic conversion). Exhaust temperature is minimum when the load is 0%, the average temperature of 0% load is less 60℃than full load. The temperature of 50% load is same as 100% load. 0% load 50% load 100% load Figure 8 . Temperature of the entrance of SCR of three loads.
After 600s, the exhaust gas temperature is between 220℃and 350℃. There are main reactions(1-3) occurred in SCR catalyst system [7, 8] . Formula 1 and Formula 2 are standard reaction, which is the main oxidation reaction occurred at temperature of 250℃-350℃. Formula 3 is the system mainly quick reaction when the exhaust temperature is at 200 ℃-250 ℃, and NO2 / NO ratio is close to 1. For this vehicle, the spray temperature of urea is about 220℃, and the temperature is low before half-cycle, which lead to low conversion efficiency, so the NO concentrations are higher. Then, exhaust temperature rise after half-cycle, which makes contribution to high NOx conversion efficiency, so the NO concentration is very low, which is almost zero. According to numerous studies [9] [10] [11] [12] , when the temperature of SCR system is lower, increasing the concentration of NO 2 can improve the conversion efficiency of NOx. So install DOC in front of SCR system, which can convert part of NO to NO 2 . At a suitable temperature occur a rapid reaction. To analysis NO2 emission characteristics of the vehicle, considering the beginning 300s of the cycle, the temperature of the entire post-processing system is low, which lead to low DOC oxidation capability that generate a small absolute amount of NO 2 . As the temperature increases, the amount of NO 2 increases, however, exhaust temperature still can not meet the conditions of rapid reaction, NO 2 is discharged together with the exhaust. Then with the temperature of exhaust increases, NO 2 has been involved in the reduction reaction, NO 2 is reduced to N 2 . Figure 10 shows concentration of N 2 O. N 2 O concentration generally increases as the vehicle speed increases. There is a significant increase especially high speed operating conditions. Considering the exhaust temperature exceeds 300 ℃, there is may occur following reactions [13] 
N 2 O Emissions under Different Loads Analysis
NOx Emission Component Ratio Analysis
In order to access the impact of load in the whole cycle on the NOx emissions. NOx concentration of each component mean under three loads are shown in Table 2 . As load increases, the greater the emissions of each component, and NO and NO 2 concentration have same trend, the average NO 2 concentration were below 1ppm. For example, under 100% load, percentage of NO, NO 2 and N 2 O are 84.6%, 1.8% and 13.6% of the total NOx. Although the NO 2 has small proportion in NOx emissions, the concentration is still higher than 10ppm in some certain conditions. On the other hand, the proportion of N 2 O emissions is much higher than NO 2 , which is also be the focus of future needs to be controlled. 
Summary
(1) Load has a great impact on the total NOx emissions. As the load increases, NOx showed an increasing trend, compared to 0% load, 100% load is larger 19.2%, both of them are lower than the emission limits for NOx regulations in Europe VI.
(2) With increasing load, the engine operation load increases, compared to 0% load, cycle work of 100% load increased 27.8%; with the increase of the load, the concentration of the SCR inlet / outlet, EGR flow rate were increased, the conversion efficiency are respectively 89%, 92% and 92%.
(3) As increased load, NO, NO 2 and N 2 O emissions were all increased. NO and NO 2 emissions focused on the first 600s stage, the ratio of first 600s stage was more than 97%; at the first 600s, proportion of NO 2 of 0% load, 50% load and 100%load are respectively 74.9%, 67.2% and 44.6%. The N 2 O emissions are directly related to exhaust temperature, mainly in roads conditions and high-speed conditions.
(4) For example, under 100% load, percentage of NO, NO 2 and N 2 O are 84.6%, 1.8% and 13.6% of the total NOx. N 2 O should be paid more attention.
